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(57) ABSTRACT

Provided is a method for acquiring continuous physical signal
such as temperature, pressure and the like. The method com-
prises the following steps: inputting a voltage signal u repre-
senting continuous physical signal; obtaining a sampled sig-
nal u, of an analog voltage through an analog sampling
channel (1), wherein the sampling frequency is fAh; perform-
ing digital low-pass filtering on the u, (6) to obtain a voltage
signal 1, subjected to low-pass filtering, and resampling the
fi, to obtain a resample signal Ti;, wherein the resampling
frequency fAy is the same as the sampling frequency required
by an application terminal and the sampling frequency fAh is
M times of the resampling frequency fAy; and storing and
outputting the resample signal ﬁj to the application terminal.
Provided also is a corresponding device. The cost of the
analog sampling channel is lowered; the ﬁj can be directly
applied to industrial automation for substitution of the i,
especially output signals do not contain transient values, the
requirements of a stable model on input quantity can be met,
the random disturbance can be inhibited, and the measure-
ment accuracy can be improved.

11 Claims, 1 Drawing Sheet
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METHODS AND DEVICES FOR ACQUIRING
CONTINUOUS PHYSICAL SIGNALS

TECHNICAL FIELD

The invention relates to digital measurements and acquir-
ing technology of a continuous physical signals, particularly,
to method and device for measuring and acquiring continuous
physical signals in heat engineering, chemical engineering,
metallurgy and electric power fields such as temperature,
pressure, flow, voltage, concentration, current, power, rotate
speed, etc.

BACKGROUND

In industrial automation, there is requirement for measur-
ing and acquiring data (data acquiring for short below) for the
continuous physical signals such as temperature, pressure,
flow, voltage, concentration, etc. The analog signals should
be sampled through the analog sampling channel according to
the requirement of the signal application terminals, and the
sample frequency is fAy. In order to avoid frequency mixing,
it is required to set an analog low-pass filter, whose cutoff
frequency fc<0.5xfAy, in the analog sampling channel. Since
fAy is smaller, fc will be so small that cost and difficulty of the
analog low-pass filter is increased.

Further, most of industrial automation adopts a steady state
model which needs the data acquired steady state value of the
physical signal. The Chinese Invention Patent No.
71.200910158375.x and Z1.200910158370.7 (the inventor is
HAO, Yushan and the invention title is “Measuring Device
and Method for Continuous Physical Signal”) provides mea-
suring and recording the steady state data and full state data
for the common physical signal, but the output frequency
does not accord with the above data acquiring frequency, and
the output content is relative more (including start and stop
time, etc.), thus it is not convenient to directly apply to the
industrial automation.

SUMMARY

The purpose of the present invention aims at providing
methods and devices for measuring and acquiring continuous
physical signals to solve the above problems.

The method for acquiring continuous physical signals in
the present invention comprises the following steps:

inputting a voltage signal u representing continuous physi-
cal signal; sampling the voltage signal u to obtain a sampled
signal u, through an analog sampling channel, wherein the
sampling frequency is f,,;

resampling the sampled signal u, to obtain a resampled
signalu,, wherein the resampling frequency f, , is specified by
its application; and

it further comprises: obtaining ti, by digital low-pass filter-
ing the sampled signal u, before the resampling;

resampling the {i; to obtain resample signal i;;

storing the resample signal #i, and outputting it to the appli-
cation terminal.

The digital low-pass filtering cutoff frequency f.<0.5x1,,
thus avoiding frequency mixing error that may be brought by
the resampling.

The analog low-pass filtering cutoft frequency fc<0.5x{,,,
since f,,, is larger than f,, for multiple times, the fc of the
analog low-pass filter can be increased for many times by the
present method as compared to the method without digital
low-pass filtering and resampling. Thus, the difficulty and
cost of the analog low-pass filter is lowered by the present
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method, and that the cost of the fast analog-to-digital conver-
tor especially the A-Zanalog-to-digital convertor is very low.

The transfer function of the digital low-pass filtering is as
follows:

1

G(z) =
@ ag+ar-z . tayz

wherein, n=2, 4, 6, 8, which is the order of the filter, G(z) is
the common special functions such as an nth-order Butter-
worth or nth-order Chebyshev filter.

According to an aspect of the present invention, the said
digital low-pass filtering is a structure averaging algorithm
that:

judgingu, is in the steady state or the transient state by sign
F, if F=1, u, is in the transient state, and if F=0, u, is in the
steady state;

if F=0, obtaining an average value u, by using the sampled
signal u,;

if F=1, the average value u, being an unreachable value of
the sampled signal u, in practical application, and eliminating
the unreachable value in the u, as bad data after arriving at the
application terminal;

if F turns to O from 1, resetting the average value u, and
setting k=1.

The calculation formula of the average value is:

1 _1 - 1)7
s ’41—;'[( = 1)ty +uy)]

k
Uy =
=1

The criterion for judging u, is in the steady state or in the
transient state is calculating the variance of the input signal
Up

2 k-2,
Si= mslf—l + (@ — ) +

T i I (@ — ),

and if [u—u,l=VE+t,,(k-1)-§,, u, is in the steady state,
otherwise u, is in the transient state, wherein uj_ is the average
value, t,, is the students distribution, and c. is the level of risk.

According to another aspect of the present invention, the
said digital low-pass filtering is variable structure o.fy filter
that:

performing of}y filtering on the inputting signal u, and
obtaining the location component S, the speed component v,
and the acceleration component a, of the u,; the location
component S, is the output of the digital low-pass filter;

judging u, is in the steady state or the transient state by sign
F, if la;l<a, and Iv I<v,, w, is in the steady state and F=0,
keeping S, invariably; otherwise, u, is in the transient state
and F=1, S, being an unreachable value of sampled signal u,
in the practical application, wherein the a, and u, are given
values, and the they relates to the bandwidth and the time
constant of the signal u,.

resampling, obtain S, from S,; and

eliminating the unreachable value in the S, as bad data after
arriving at the application terminal; if F turns to 0 from 1,
resetting S, to zero and setting k=1.

In practical application, the criterion for judging that u, is
in the steady state or in the transient state can be further
simplified. If any one of la,|<a, and |v,l<v, is satisfied, u, is
in the steady state, otherwise, u, is in the transient state.



US 9,143,245 B2

3

The present invention also provides a device for acquiring
continuous physical signals, comprising:

an analog sampling channel (1), used for implementing
analog sample on the voltage signal u of the input continuous
physical signal, wherein the sampling frequency being f,,,
and outputting the sampled signal u,;

a resampling switch (5), used for resampling the sampled
signal u, to obtain the resample signal u, and outputting the
resample signal u, to a register (2);

the register (2), used for storing the resample signal u;;

abus (3), used for controlling the register (2) to output data
u, to the bus (3), and outputting data via the bus (3) to the
application terminal; and

a timing controller (4), used for controlling analog sam-
pling channel (1) and the resampling switch (5);

and further comprising:

adigital low-pass filter (1), for receiving the sampled signal
u, ofthe analog voltage from the analog sampling channel (1),
low-pass filtering them and outputting the signal {i,. The
cutoff frequency fc of the digital low-pass filter (6) is smaller
than 0.5 times of the resampling frequency f, , and the cutoff
frequency fc of the analog low-pass filter in the analog sam-
pling channel is smaller than 0.5 times of the sampling fre-
quency f,,.

According to an aspect of the device for acquiring continu-
ous physical signals of the present invention, in the above said
solution, said digital low-pass filter (6) may also be com-
prised by an averaging unit (7) and a judging unit (8).

Said judging unit (8) inputs the sampled signal u, from the
analog sampling channel (1) to obtain the sign F and outputs
itto the averaging unit (7); when the sampled signal u, is in the
steady process, F=0, otherwise, when the sampled signal u, is
in the transient process, F=1;

Said averaging unit (7) inputs the sampled signal u, from
the analog sampling channel (1), calculates the average value
u, if F=0; and assigns an unreachable value of u, (e.g. the
maximum value impossible occurred) to the average valueu,,
output u, to resample switch (5), obtain u; from u,; and the
unreachable value of u, may be eliminated as bad data after
arriving at the application terminal; when F turns to 0 from 1,
said average value u, is reset and let k=1; the average value u,
is output to the resampling switch.

The calculation formula of the average unit (7) is:

a = = 7 [(k= 1)ty + )]

1
T

|
=1
M-

The judging unit (8) is calculating the variance of the input
signal u,,

h—
.2 2 _ o
Si= =8 @ —me) +

-1 @ — )’

1
k-1

and if lu, -1, =Kt ,(k—1)4§,, is in the steady state, otherwise
u, is in the transient state, wherein u, is the average value, t,,
is the students distribution, and c. is the level of risk.

According to another aspect of the device for acquiring
continuous physical signals of the present invention, said
digital low-pass filter also may be a variable structure afiy
filter (6).

The afy filter implements a.fy filtering on the input signal
u, and obtains the location component S,, the rate component
v, and the acceleration component a, of the u,;
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If la;l<a, and |v,l<v,, u, is in the steady state, F=0 and S,
is kept invariant; otherwise, u, is in the transient state, F=1 and
S, is an unreachable value of u, in the practical application,
wherein a, and v, are given values, and they relates to the
bandwidth and the time constant of u,; output S, to resample
switch (5), obtain S, from S;; and the unreachable value in the
S, is eliminated as bad data after arriving at the application
terminal; when F turns to O from 1, S, is reset and letk=1; S,
is output to the resampling.

In practical application, the above said criterion can be
simplified, for example, only one of la,l<a, and lul<v, is
used as the criterion. u, is in the steady state or in the transient
state.

As the digital low-pass filter and resampling switch are
applied, the analog sampling channel can apply inexpensive
ADC and inexpensive analog low-pass filter, thereby lower-
ing the cost of analog sampling channel.

Ejor S, can be directly applied to industrial automation,
especially uor S; do not contain transient values, thus the
requirements of a steady state model on input signal can be
met, the random disturbance can be inhibited, and the mea-
surement accuracy can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows methods and devices for acquiring continu-
ous physical signals in the present invention;

FIG. 2 shows methods and devices for acquiring steady
state value data of the continuous physical signals in the
present invention;

FIG. 3 shows methods and devices for acquiring steady
state data of the continuous physical signals in the present
invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 provides a method and device for acquiring con-
tinuous physical signals.

In FIG. 1, included analog sampling channel 1, register 2,
bus 3 and timing controller 4, and the contribution of the
inventor is that the resampling switch 5 and digital low-pass
filter 6 are also included. The voltage signal u of the continu-
ous physical signal is input and passed through the analog
sampling channel 1 to obtain the sampled value u, of the
analog voltage; the sampled value u, is passed through the
digital low-pass filter 6 to remove the high frequency by
filtration to avoid the frequency mixing error that may be
brought during the subsequent resampling process, and ouput
i, undergone by the low-pass filtering; the filtered signal {1, is
output to the resampling switch 5 to be resampled, and the
resample value {i;, is output and stored in the register 2, which
will be output, by the bus 3, to the application terminal by the
register 2 under the control of the bus 3; the analog sampling
channel 1 and the resampling switch 5 are controlled by the
timing controller 4.

The cutoff frequency f. of the digital low-pass filter is
smaller than 0.5 times of the resampling frequency f, , and
the resampling frequency f,,, is specified by its application.

FIG. 2 shows a method and device for acquiring the steady
state value data of the continuous physical signal.

In FIG. 2, the digital low-pass filter 6 of the FIG. 1 is
replaced by the averaging unit 7 and the judging unit 8 of the
FIG. 2, and the other circuit configuration and function are the
same as the description of the FIG. 1. In FIG. 2, the output u,
of the analog sampling channel 1, in one aspect, is passed
through the averaging unit 7 to provide the average value u,,
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and it is then passed through the resampling switch 5 to be
stored in the register 2; in another aspect, u, is inputted to the
judging unit 8 to output the sign F to the averaging unit 7;
when u, is in the steady state process, F=0, otherwise when u,
is in the transient state process, F=1; wherein, when F=0, the
averaging unit 7 calculates the average value u,; when F=1,
the average value u, of the averaging unit 7 is assigned an
unreachable value (e.g. the maximum value impossible
occurred), and the unreachable value is eliminated as bad data
after arriving at the application terminal, and if F turns to O
from 1, the said average value u, is reset to zero and set k=1,
the average value u, is output to the resampling switch.
The formula for calculating the average value u, is:

= wp= o[tk = 1)y +uy)]

1
k

|
=1 —
M-

The criterion of the judging unit 8 is calculating the vari-
ance of the sampled signal u,,

k-2
5% = m&z,l + (T —ﬁk,l)z +

X i T e = the ba

and if [u,—u,l=VE- 5 (k-1)-8,, u, is in the steady state, oth-
erwise u,, is in the transient state, wherein u, is the average
value, t,, is the students distribution, and a is the level of risk.

FIG. 3 shows another method and device for acquiring the
steady state value data of the continuous physical signal. In
FIG. 3, the digital low-pass filter 6 of the FIG. 1 is replaced by
the afy filter (A), the assignment unit (B) and the judging unit
(C) of the FIG. 3 and the other circuit configuration and
function are same as the description of the FIG. 1. In FIG. 3,
the output u, of the analog sampling channel 1 is passed
through the afy filter (A) to output the location component
S, the rate component vk and the acceleration component a,.
The location component S, (i.e. the output of the filter) passed
through the assignment unit (B), is resampled by switch 5 and
then is stored in the register 2; the rate component vk and the
acceleration component a, are input to the judging unit (C),
and when v, is in the steady state, F=0, otherwise when u, is
in the transient state, F=1; and the sign F is output to the
assignment unit (B) by the judging unit (C); when F=0, the
output of the assignment unit (B) is equal to the location
component S,, and when F=1, the output of the assignment
unit (B) is equal to an unreachable value of u,, and the
unreachable value may be eliminated as bad data after arriv-
ing at the application terminal.

The criterion of the judging unit (C) is that: if la,/<a, and
[Uugl<v,, U, is in the steady state, and F=0; otherwise u, is in
the transient state and F=1.

The criterion of the judging unit (C) is permitted to be
simplified that: if any one of |a,|<a, and |u,I<v, is satisfied,
for example if la,I<a, and lv,lzv, (or, lug<v, and la,l=a,) is
satisfied, u, for example if la;lza, and |v,lzv,, u, is in the
transient state, wherein the a, and u, are given values, and
they relates to the bandwidth time constant of the signal u,.
See relevant information for apy filter design or Kalman filter
design.

The above said solutions can be implemented by the CPLD
(Complex Programmable Logic Device), FPGA (Field-Pro-
grammable Gate Array), ASIC (Application Specific Inte-
grated Circuit) or the similar digital circuit, and they also can
be implemented by the program of the DSP (Digital Signal
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Processor), and the specification can be seen in the develop-
ment manual. The above said implementing solutions can
also be integrated completely within one chip to implement.

While some specific embodiments have been provided by
the embodiments of the present invention, various changes
can be made to the embodiments by those skilled in the art
without departing from the spirit and conception of the
present invention, which will all be fallen into the scope
defined by the claims of the present invention.

What is claimed is:

1. A method for acquiring continuous physical signals
comprising:

inputting a voltage signal u representing continuous physi-

cal signal;

obtaining a sampled signal u, by sampling the voltage

signal u through an analog sampling channel, wherein
the sampling frequency is f,,; and
obtaining the resample signal u, by resampling the sampled
signal u,, wherein the resampling frequency f,, is speci-
fied by its application, wherein it further comprising:

performing digital low-pass filtering on the sampled signal
u, to obtain {i, before the resampling,

resampling the i to obtain a resample signal #i,, and

storing resample signal {i, and outputting it to the applica-

tion terminal,
characterized in that said digital low-pass filtering is an
averaging algorithm with variable structure that:

judging u, is in the steady state or in the transient state then
giving a sign F, if F=1, u,, is in the transient state, and if
F=0, u, is in the steady state; when F=0, obtaining an
average value u, by using the sampled signal u,; when
F=1, average value u, being an unreachable value of the
sampled signal u, in practical application, resampling,
obtain U, from U, and eliminating the unreachable value
in the v, as bad data after arriving at the application
terminal; if F turns to 0 from 1, resetting the average
value U, to zero and set k=1.

2. The method for acquiring continuous physical signals of
claim 1, characterized in that the cutoff frequency £, of said
digital low-pass filter is smaller than 0.5 times of the resam-
pling frequency f,,.

3. The method for acquiring continuous physical signals of
claim 2, characterized in that the transfer function of said
digital low-pass filtering is as follows:

1
a+ar -7 ... ta,-7"

G(z) =

wherein n=2, 4, 6, 8, which is the order of the filter; G(z) is
a well-known special function such as an nth-order But-
terworth or nth-order Chebyshev filter.
4. The method for acquiring continuous physical signals of
claim 1, characterized in that said average valueu, is obtained
by the calculation formula:

k

1 1
W= E ’41=E'[(k—1)'ﬁk—l+’4k)]-
)

5. The method for acquiring continuous physical signals of
claim 1, characterized in that the criterion for judging u, is in
the steady state or in the transient state is calculating the
variance of the sampled signal u,,
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2 k-2,
Si= mslf—l + (T =T +

T i I @ —w )’

if lu,—u,l=VEt,,,(k-1)-8,, u, is in the steady state, otherwise
u, is in the transient state, wherein u, is the average value, t_,,
is the students distribution, and a is the level of risk.

6. The method for acquiring continuous physical signals of
claim 1, characterized in that said digital low-pass filtering is
variable structure ofy filter that:

performing afy filtering on the sampled signal u, and
obtaining the location component S,, the rate compo-
nent v, and the acceleration component a, of u,; the
location component S, being the output of the digital
low-pass filter;

judging whether u, is in the steady state or the transient
state, give a sign F: if la;l<a, and lu,<v,, u, is in the
steady state and F=0, keeping S, invariably; otherwise,
u, is in the transient state and F=1, and S, being a
unreachable value of u, in the practical application;
wherein the a, and v, are given values, and they relates to
the bandwidth and the time constant of the signal u,;

resampling, obtain S, from S;; and

eliminating the unreachable value in the S, as bad data after
arriving at the application terminal; when F turns to 0
from 1, resetting S, to zero and setting k=1; and output-
ting the S, to the resampling v,.

7. The method for acquiring continuous physical signals of
claim 6, characterized in that the criterion for judging u, is in
the steady state or the transient state is simplified as: if any of
la;I<a, and |v,l<v, is satisfied, u, is in the steady state, oth-
erwise, u, is in the transient state.

8. A device for acquiring continuous physical signals com-
prising:

an analog sampling channel, used for implementing analog
sampling on the voltage signal u of the input continuous
physical signal wherein the sampling frequency being
f.,, and outputting the sampled signal u,;

aresampling switch, used for resampling the sampled sig-
nal u to obtain the resample signal u; and outputting the
resample signal u; to a register; the register, used for
storing the resample signal u;;

a bus, used for controlling the register to output data u; to
the bus and outputting data u, via the bus to the applica-
tion terminal; and

a timing controller, used for controlling analog sampling
channel and the resampling switch;

and characterized in that it further comprises:

a digital low-pass filter, used for receiving the sampled
signal u, from the analog sampling channel, implement-
ing low-pass filtering on them and outputting the low-
pass filtered signal {i;; the cutoff frequency fc of the
digital low-pass filter being smaller than 0.5 times of the
resampling frequency f, , and the cutoff frequency fc of
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the analog low-pass filter in the analog sampling channel
is smaller than 0.5 times of the sampling frequency £,
characterized in that said digital low-pass filter comprises
an averaging unit and a fudging unit:
said judging unit inputs the sampled signal u, from the
analog sampling channel, and obtains a sign F and out-
put it to the average unit; when the sampled signal v, is
in the steady state F=0, otherwise when the sampled
signal u, is in the transient state F=1;
said averaging unit inputs the samples signal u, from the
analog sampling channel, and calculates the average
value u, when F=0; assigns an unreachable value of the
u, to the average value u, when F=1; and the unreachable
value is eliminated as bad data after arriving at the appli-
cation terminal; if F turns to O from 1, said average value
u, is reset and let k=1.
9. The device for acquiring continuous physical signals of
claim 8, characterized in that the calculation formula of said
averaging unit is:

k

ﬁk:%-Zul:

1
X k= 1) Ty + )]
)

10. The device for acquiring continuous physical signals of
claim 8, characterized in that the criterion of the judging unit
is calculating the variance of the sampled signal u,,

k-2
= m&z,l + (T —ﬁk,l)z +

X i T (@ -,
if lu,—u,l=VR-t 5 (k-1)5,, U, is in the steady state, other-
wise u,, is in the transient state, wherein u, is the average
value, t, , is the students distribution, and o is the level
of risk.
11. The device for acquiring continuous physical signals of
claim 8, characterized in that said digital low-pass filter is a
variable structure a.fy filter, and it implements afy filtering
on the sampled signal u, from the analog sampling channel
and obtains the location component S, rate component v, and
the acceleration component a, of u;
judging whether u,, is in the steady state or the transient
state, give a sign F: if la;I<a, and lvl=v,, u, is in the
steady state, F=0 and S, is kept invariant; otherwise, u, is
in the transient state, F=1 and S, is the unreachable value
of v, in the practical application, wherein the a, and v,
are given values, and the they relates to the bandwidth
and the time constant of the signal u,;

output S, resampling switch, obtain S, from S,;

and the unreachable value in the S, is eliminated as bad data
after arriving at the application terminal; when F turns to
0 from 1, S, is reset to zero and let k=1.
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